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(54) HYDROGEN STORAGE ALLOY POWDER AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To produce a hydrogen storage alloy powder capable of increasing the capacity of an Ni- 
hydrogen secondary battery and which is activated in an early stage. 

CONSTITUTION: This hydrogen storage alloy powder has 5-40vol.% pores and is obtained by the 
approached-nozzle gas atomization process while adjusting its conditions. Othenvise, 0.2-5wt.% of volatile 
element (Mn, Pb, Zn, Sn, Ga, Mg, etc.) is mixed in a melting material when alloy is melted to produce a 
hydrogen storage alloy powder, the obtained powder is heat-treated in vacuum to volatilize off the element, 
and the hydrogen storage alloy powder having the pores is obtained. 
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CLAIMS 

[Claim(s)] 

[Claim 1] Hydrogen storing metal alloy powder characterized by having 5-40 vol% of pore. 
[Claim 2] The manufacture method of the hydrogen storing metal alloy powder according to claim 1 
characterized by obtaining the after alloy powder which carries out disintegration of the molten metal of a 
hydrogen storing metal alloy by the gas atomizing method of a nozzle proximity method, and has 5-40 vol% 
of pore. 

[Claim 3] A dissolved raw material is received at the time of the alloy dissolution. The manufacture method of 
the hydrogen storing metal alloy powder according to claim 1 characterized by making 0.2 to 5weight % of a 
volatile metallic element mix, manufacturing hydrogen storing metal alloy powder, heat-treating the obtained 
powder under a vacuum, and volatilizing said volatile element. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] When it is made into the cathode material of nickel-hydrogen secondary battery, service 
capacity of this invention is high, and initial activity-ization is related with the hydrogen storing metal alloy 
powder which can constitute an easy cell, and its manufacture method. 
[0002] 

[Description of the Prior Art] As a secondary battery used for memory storage backup of a portable AV 
equipment and note type computer etc., a nickel-Cd cell is in use now. However, the pollution problem of Cd, 
the resource problem of the by-product of zinc refining of Cd, And development of the secondary battery called 
nickel-hydrogen cell (it is hereafter described as a nickel-H cell) which used the hydrogen storing metal alloy 
for the cathode material instead of Cd was furthered, and utilization has already started from a viewpoint of 
development of the secondary battery of high electric capacitance. In a nickel-H cell, the hydrogen storing 
metal alloy which functions as a hydrogen storage body is powdered, it is used for a cathode, and absorption 
and bleedoff of hydrogen (H2) take place by a cathode with charge and discharge. 

[0003] The service capacity of a nickel-H cell is the description of the hydrogen storing metal alloy which is a 
cathode material, (a presentation, an organization, etc.) Although it depends greatly, even if such descriptions 
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are the same, service capacity is changed also with the limited pack density of the after alloy powder to a 
volume and the surface area of after alloy powder. Although what is necessary is just to pulverize to enlarge 
surface area for the improvement in service capacity, if it becomes not much fine too much, the rate of the 
passive state coat occupied per volume of an alloy will become high, and a life will fall easily. Moreover, in 
order to be accompanied also by inconvenience, such as aggravation of the handling due to fluid aggravation, 
increasing the surface area of hydrogen storing metal alloy powder, without changing a grain size was called 
for. 

[0004] Furthermore, in order that the scaling coat may bar hydrogen permeation, early hydrogen absorption / 
bleedoff efficiency of a hydrogen storing metal alloy is bad, and in order to take out predetermined service 
capacity, it needs the initial activity-ized treatment which repeats prolonged charge and discharge with low 
electric current several times. Therefore, after assembling a nickel-H cell, it will ship, after initial-activity-izing 
over several days, and productivity is checked remarkably. 
[0005] 

[Problem to be solved by the invention] The object of this invention is to offer the hydrogen storing metal alloy 
powder which enables high-capacity-izing and early activation of a nickel-H cell, and its manufacture method. It 
is the technical problem of this invention by specifically increasing the surface area of hydrogen storing metal 
alloy powder, without changing a grain size to attain this object. 
[0006] 

[Means for solving problem] According to this invention, the above-mentioned technical problem is solved with 
the hydrogen storing metal alloy powder characterized by having 5-40 vol% of pore. The hydrogen storing 
metal alloy powder which has this 5 - 40 vol% of pore can be manufactured by carrying out disintegration of 
the molten metal of a hydrogen storing metal alloy by the gas atomizing method of a nozzle proximity method, 
(this method is made into the A method) . In this case, it is 5-40 by adjusting atomization conditions, such as 
the diameter of a molten metal, a molten metal flow rate, gas atomizing pressure, a gas mass flow, nozzle 
dimensions, and a gas spray angle. The hydrogen storing metal alloy powder which has vol% of pore can be 
obtained. 

[0007] Another method (the B method) It carries out and a dissolved raw material is received at the time of the 
hydrogen storing metal alloy dissolution. Make 0.2 to Sweight % of a volatile metallic element mix, and 
hydrogen storing metal alloy powder is manufactured. Also by heat-treating the obtained powder under a 
vacuum and removing a volatile element by volatilization, the above-mentioned hydrogen storing metal alloy 
powder can be manufactured. By that method itself, such as a rotational electrode process, this method is 
suitable, especially when using the ingot methods of the hydrogen storing metal alloy which after alloy powder 
without pore generates. Moreover, this method can be applied also to the manufacture method of the hydrogen 
storing metal alloy powder which grinds and carries out disintegration after an ingot like a molten metal casting. 

[0008] Here, the portion exposed "pore" to the grain surface, (that is, cut in a part of grain surface) Both of "the 
pore in a grain" which is inherent In "open pore" and powder grains are included. In this Invention, the content 
of pore has sample powder, a fundamental presentation, and the same grain size, and means the value 
calculated by the ratio of the relative pack density to the basis powder without pore with which a configuration 
is similar. 

[0009] For example, since the powder obtained by the gas atomizing method is abbreviation globular form- 
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shaped grains when the hydrogen storing metal alloy powder of this invention is manufactured by the gas 
atomizing method of the A method The after alloy powder of the same presentation is manufactured with the 
rotational electrode process by which the powder which does not have pore with the same particle shape of an 
abbreviation globular form is obtained, the grains of the same grain size as the grain size of sample powder 
are chosen, and it is considered as basis powder. Since pore does not become that there is nothing as for the 
after alloy powder manufactured by the gas atomizing method, it cannot be used as basis powder. 
[0010] It is the same method from the same presentation, without adding a volatile element, when the 
hydrogen storing metal alloy which has pore by mixing and evaporation of a volatile element is manufactured 
by the B method, (an example, rotational electrode process) The after alloy powder of the manufactured same 
grain size can be used as basis powder. 

[001 1] In any case, the pack density of sample powder and basis powder is measured, and it asks for pore 
content from the ratio of the pack density of sample powder / basis powder. For example, it is pore content if 
this pack density ratio is 0.91. (1 / 0.91-1) It is xlOO =9.89 vol%. 
[0012] 

[Function] The hydrogen storing metal alloy powder of this invention has 5 - 40 vol% of pore. In a nickel-H cell, 
if the surface area of the hydrogen storing metal alloy powder of a cathode material becomes large, when the 
contact-surface product of an alloy and an electrolyte increases, reaction efficiency will increase. As a result, 
while charge / discharge velocity and initial activity-ized velocity increase, the contribution to hydrogen 
absorption and release reaction of an alloy increases, and high capacity-ization is attained. 
[0013] Although it was going to acquire the above-mentioned effect by increasing surface area by fine grinding 
with the conventional hydrogen storing metal alloy powder, as mentioned above, there are evils, such as 
lowering of a life and handling nature lowering, in fine grinding. On the other hand, in this invention, by giving 
pore to hydrogen storing metal alloy powder at an above-mentioned rate, the effective surface product is 
increased and the above-mentioned effect is acquired. 

[0014] Less than [ 5 vol% ], the above-mentioned effect is not fully acquired for the pore content of hydrogen 
storing metal alloy powder, for example, the increase rate of service capacity is only less than 3% compared 
with the result in basis powder. On the other hand, if pore content exceeds 40 vol%, the filling factor of the 
hydrogen storing metal alloy powder in the electrode of a predetermined volume will fall according to buildup of 
an opening, and lowering of the service capacity due to this filling factor lowering will become remarkable. The 
maximum of pore content is 15 vol% preferably. 

[0015] Although the particle shape in particular of hydrogen storing metal alloy powder is not specified, it is 
desirable that it is the spherical or configuration (abbreviation spherical shape) near it of a high filling factor 
acquired. The manufacture method in particular of hydrogen storing metal alloy powder is not limited, either, 
but arbitrary methods better known than before can be adopted. 

[0016] The desirable manufacture method of hydrogen storing metal alloy powder is the gas atomizing method 
which it is inexpensive and can be mass-produced. The gas atomizing method makes it flow down the molten 
metal which adjusted to the predetermined presentation and was dissolved from a nozzle, sprays high 
pressure gas from a gas nozzle towards this molten metal style, carries out disintegration of the molten metal, 
is a method of obtaining powder after cooling / coagulation, and is industrially used for manufacture of various 
kinds of metal and after alloy powder. Since the generated powder contains the pore produced with the impact 
of gas spraying when the abbreviation globular form of the gas atomizing method is powdered and it can 
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manufacture a hydrogen storing metal alloy, Since the hydrogen storing metal alloy powder of this invention 
which has 5 - 40 vol% of pore by adjusting atomization conditions can be manufactured directly, it can be said 
that it is a method suitable for especially manufacture of the hydrogen storing metal alloy powder of this 
invention. 

[0017] In manufacture of the hydrogen storing metal alloy powder by the gas atomizing method, the dissolution 
atmosphere of an alloy raw material prevents oxidation of generation powder as much as possible as a 
vacuum or spraying gas, and same inert gas, using non-oxidizing quality inert gas, such as argon and helium, 
as spraying gas. 

[0018] As a gas spraying method, it is drawing 1 (a). Shown nozzle proximity method (Confined Type) Drawing 
1 (b) Shown free-fall method (Free Fall Type) It is. By a nozzle proximity method, compared with a free-fall 
method, a molten metal and spraying gas are close, and in the top where the energy which gas has is large, 
since the gas at the time of disintegration and the method of interference of a molten metal are complicated, 
there is an inclination for the content of pore to become high. Therefore, in manufacture of the hydrogen 
storing metal alloy powder of this invention, it is desirable to adopt a nozzle proximity method. 
[0019] Atomization conditions are adjusted so that the pore content of the hydrogen storing metal alloy powder 
to generate may become 5-40 vol%. For example, in atomization of the used proximity nozzle method, a 
multiple-hole-die spraying nozzle as atomization conditions The diameter of a molten metal: 3-8 mm, gas 
atomizing pressure:40 - 120 kgf/cm2, gas mass flow:10 - 80 Nm3/min, spray-angle: 10-35 degree, and molten 
metal flow rate:15 - 40 kg/min It is suitable. Generally, the impact at the time of atomization becomes large, 
and the generation rate of pore becomes large, so that the value of these parameters is high. What is 
necessary is just to set up atomization conditions so that the after alloy powder whose pore content is 5 - 40 
vol% may be obtained within the limits of this. The water temperature at the time of atomization is fusing point 
+ (100-200 **). Within the limits is desirable. If a water temperature is too low, a molten metal will serve as 
hyperviscosity and pore will become difficult to be made. 

[0020] 5-40 vol% manufactured by the gas atomizing method although the hydrogen storing metal alloy 
powder of this invention which contains 5-15 vol% of pore preferably has the particle shape of an abbreviation 
globular form and can use it for the cathode material of a nickel-H cell as it is It can grind, if required, and the 
after alloy powder whose surface area is still bigger can also be obtained. 

[0021] The pore of the hydrogen storing metal alloy powder of this invention can be formed also by volatilizing 
a volatile element with heat treatment under a vacuum, after mixing and carrying out disintegration of a little 
volatile metallic elements at the time of the alloy dissolution. As a volatile element, it is Pv>=10-5 Torr at room 
temperature -1100 degree C in the metallic element whose vapor pressure is comparatively high, and a 
concrete target. A metallic element is suitable. As an example, elements, such as Mn, Pb, Zn, Sn, Ga, and Mg, 
are mentioned. 

[0022] A dissolved raw material is received in these volatile metallic elements. It adds in 0.2 to 5weight % of an 
amount. The volatile metallic element can use one sort or two sorts or more. The addition of a volatile metallic 
element is 0.2. Under by weight %, when the content of the pore generated with heat treatment runs short and 
it exceeds 5 weight %, the amount of volatile elements which remains after heat treatment increases, and 
there is a possibility of having adverse effects, such as capacity lowering and life lowering. The addition of a 
volatile metallic element is desirably made into 1 or less weight %, and it is chosen so that 5 - 40 vol%, 
especially 5-15 vol% of pore may generate after heat-treating under the vacuum of after alloy powder. What 

http://dossierl.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=h 



is necessary is for an experiment just to determine, since a concrete addition is changed even if it accepts 
conditions, such as an element kind, alloy composition, and a powder grain size. 

[0023] The manufacture method of the hydrogen storing metal alloy powder in this method is not restricted, but 
is good by arbitrary methods. For example, it is good by the rotational electrode process, the method of 
pulverizing after molten metal cast, etc. Moreover, if the addition of a volatile metallic element is lessened 
slightly, the gas atomizing method is also employable. In this case, any of a free-fall method and a nozzle 
proximity method are sufficient as an atomization method. 

[0024] After obtaining hydrogen storing metal alloy powder by a suitable method, after alloy powder is heat- 
treated under a vacuum, volatilization removes a volatile element, and pore is made to form in powder grains. 
A heat treatment condition is chosen so that the part which exists in the surface of powder grains at least 
among the volatile metallic elements mixed into powder may be removed thoroughly substantially. Desirable 
heat treatment conditions are a degree of vacuum 10-6 - 10-1 Torr, and temperature. 200-1 100 degrees C, 
processing time It is 0.5 to 10 hours. As for the maximum of temperature, it is more desirable to consider it as 
about 800 **. When heat treatment temperature Is too high, they are the engine performance of an alloy, 
especially an electrode characteristic, (a life, capacity, etc.) An adverse effect may be produced. Temperature 
and a degree of vacuum determine that evaporation will take place thoroughly based on the vapor pressure 
curve of the mixed volatile metallic element. 

[0025] The hydrogen storing metal alloy powder which has the pore obtained also in this case will be further 
ground, if required. If it grinds further after manufacture of the hydrogen storing metal alloy powder of this 
invention, exposure of the pore inside grains will take place and the buildup effect of surface area will increase 
further. However, even if it uses it, without grinding, crushing of after alloy powder takes place as charge / 
discharge cycle progresses, and it also comes to expose the pore in a grain gradually. 
[0026] The open pore exposed to the alloy surface contributes to buildup of the reaction surface area of an 
alloy from the early stages of a charge-and-discharge cycle. On the other hand, in order for the pore in a grain 
to contact an electrolyte by the pulverization of the alloy generated with progress of a charge-and-discharge 
cycle, it will offer big surface area compared with the case of a pore-less alloy, and contributes to high- 
capacity-izing and buildup of initial activity velocity. 

[0027] This invention is applicable to the arbitrary hydrogen storing metal alloys which can be used as a 
cathode material of a nickel-H cell. The example of representation of this kind of hydrogen storing metal alloy 
is AB5. Type, AB type, or AB2 It is the hydrogen storing metal alloy of type. AB5 The example of a type alloy is 
LaNix. Or MmNIx (x is 4.7-5.2) is made into basic structure, and one sort or two sorts or more of elements, 
such as Co, Mn, aluminum and Fe, Or, Cu, V, Be, Zr, Ti, Mo, and W, replace some nickel. LaNIx Since life 
lowering when it is a heavy price is early, it Is MmNIx practical. An activity Is desirable. Although the example 
of AB type alloy is TINI, a part of TI is Zr and Hf, and some nickel may be replaced by Co, Mn, Fe. aluminum, 
V, Cr, and Mo. AB2 The example of a type alloy Is ZrVy (y 1 .9-2.25). It Is considered as basic structure and 
one sort or two sorts or more of elements, such as nickel, Mn, Cr, Co, Fe, aluminum, Mo, W, Cu, and Be, 
replace a part of V. 
[0028] 

[Working example] Next, an example explains this Invention still more concretely. Among an example, % Is 
weight %, as long as there Is no assignment especially. 

[0029] (Example 1) The presentation of the alloys 1 and 3 shown in Table 1 Is used, and it is the argon gas 
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atomizing method, (the Ar A/T method) Hydrogen storing metal alloy powder was manufactured under the 
conditions shown in Table 2. In addition, Mm in front is the rare earth metal alloy containing La25%. Ce50%, 
Pr7%, and Nd17%. (misch metal) It is. 

[0030] 30/20-micrometer powder was collected with screening among each obtained after alloy powder. The 
number of taps which measured the pack density of this powder by tap DENSA was made into 1000 times. On 
the other hand, it is a rotational electrode process about the after alloy powder of the same presentation as 
basis powder, (the PREP method) It manufactured. The electrode dimensions of the conditions at this time 
were diameter 50 mm x length 150 mm, number-of-rotations 20,000 rpm, and an argon gas atmosphere. 
30/20-micrometer powder was collected from after alloy powder without the obtained pore, and pack density 
was measured like the top. Open pore content of the after alloy powder obtained from the ratio of the pack 
density to the powder of the PREP method by the gas atomizing method (vol%) It computed as mentioned 
above. 

[0031] The following method estimated the cell engine performance at the time of using each after alloy 
powder as a cathode of a nickel-H cell. To 5g of 30/20-micrometer after alloy powder, it is 10% of Teflon 
system binder, (tetrafluoroethylene hexafluoropropylene copolymer) It adds. Application-of-pressure molding is 
carried out with the press between the colds, and it continues. They are 5 ton/cm2 at 300 degrees C. The hot 
press under application of pressure was performed for 1 minute, and the electrode for a check was created. 
[0032] Subsequently, the negative electrode and the commercial sintering type nickel electrode were made 
into the positive electrode for this electrode, and the polyamide nonwoven fabric was made to intervene as a 
separator in between, it held in the container, the aqueous solution which added 20g/l of lithium hydroxide to 
the potassium hydroxide solution of specific gravity 1 .30 was poured in as an electrolyte, and the nickel-H 
secondary battery was constituted. It is 500 to this cell for a check. Discharge to 0.85V was repeated at charge 
of mAx 4 hours, and 250mA, and the service capacity at that time was measured. 

[0033] The cell engine performance is initial capacity, (service capacity in charge / discharge cycle from which 
the maximum service capacity was obtained, mAh/g) The number of activation cycles (initial capacity = 
number of times of a repetition of charge / discharge cycle taken to reach the maximum service capacity) It 
evaluated. Similarly the result of pore content and the cell engine performance is shown in Table 2. 
[0034] 
[Table 1] 

Alloy 1: MnNi3.8 CoO.6 MnO.4 aluminumO.2 alloy 2: LaO.8 Nd0.15Zr0.05nickel3.8 CoO.7 aluminumO.5 alloy 3: 
Zr V0.4 nickeh.e [0035] 
[Table 2] 
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[0036] The hydrogen storing metal alloy powder whose rate of pore obtained by this invention by the gas 
atomizing method Is 5 - 40 vol% had few cycles which initial activlty-lzatlon took, and moreover, its Initial 
capacity was high and It was excellent in the cell engine performance. On the other hand, less than [ 5 vol% ], 
although activation became a little quick compared with the PREP method powder without pore. Initial, capacity 
hardly changed the rate of pore. Moreover, when the rate of pore exceeded 40 vol%, activation was 
dramatically quick, but Initial capacity fell from the PREP method powder. 

[0037] (Example 2) Using the presentation of the alloys 2 and 3 shown in Table 1 , as shown in Table 3, the 
volatile metallic element was added to the dissolved raw material, and hydrogen storing metal alloy powder 
was manufactured by the rotating electrode (PREP) method or the argon gas atomizing (Ar A/T) method. The 
obtained after alloy powder was heat-treated under the conditions subsequently to Table 3 shown, the volatile 
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element was removed, and the hydrogen storing metal alloy powder containing pore was obtained. 
[0038] Powder manufacture conditions were electrode dimension diameter 50 mm x length 150 mm, the 
number of rotations of 20,000rpm, and an argon gas atmosphere by the PREP method. A nozzle proximity 
method performs and the Ar A/T methods are gas pressure 50 kgf/cm2, molten metal flow rate 20 kg/min, the 
spray angle of 20 degrees, and molten metal temperature, (difference with deltaT= melting temperature) It was 
150 **. The rate of pore and electrode engine performance of after alloy powder which were obtained are 
similarly estimated as an example 1, and the result also shows them in Table 3 collectively. 
[0039] 
[Table 3] 
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[0040] Also by addition / volatilization clearance of a volatile element, the hydrogen storing metal alloy powder 
of this invention whose rate of pore is 5 - 40 vol7o can be obtained. Compared with the result in the basis 
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powder obtained by the PREP method like the powder of the example 1 acquired by the gas atomizing method 
without adding a volatile element,-izing could be carried out [ initial activity ] in the small number of cycles, and 
initial capacity also became high. When 10 was compared with manufacture No.9, the after alloy powder in 
which the rate of pore increased further by addition of the volatile element could be obtained also by the gas 
atomizing method, and the characteristics that both initial capacity and the number of activation cycles have 
been improved further were shown. 
[0041] 

[Effect of the Invention] As explained above, the hydrogen storing metal alloy powder which has the pore of 
this invention at 5 - 40 vol% of a rate becomes easy [ initial-activity-izing ], when high capacity-ization is 
realized, as a result of a contact-surface product with an electrolyte increasing and raising reaction efficiency, 
when it is used as a cathode material of a nickel-H cell. Thereby, the improvement in the engine performance 
of a nickel-H cell and improvement in manufacture efficiency are attained. 



[Translation done.] 



http://dossierlapdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=httpy^ 



(19)B*H19llFJf (JP) 



0« & §1 # 1^ ^ « (A) 



m&mB 7^ 6 ^(1994) 8^ 16 B 



(BDlntCl/ 




F I 




B 2 2 F 9/08 


A 






1/00 


A 






C 2 2 C 1/08 


A 






19/00 


F 






H 0 1 M 4/38 


A 8520-4K 












*1S:«S i|jiaScD»3 OL (ri: 8 




$ie?5- 14978 


(71)thfiSA 


000002118 






















C72)l%?)i# 


tirT 
























































:«Em«fJllE;lb^4Ti5#334^ tt^^ 



























(54) ll8?g<D*»] ifmSk^mi^^A.x}^(r)W^'^ 



im&] 5-40 voi%<7),-Kr^*-r5*ig!SK^^ 

0.2~5M%O»||tt^Ji7Clg (Ml, Pb, Zn, Sn, G 

a. Hg^) ^:mx^^xmm.^m^mmi. # 



3/16/06, EAST Version: 2.0.3.0 



(2 

1 

im^m 1 ] 5 ~4o voi%c7)--Kr .1 1 
m^m 3 ] -^mmmzmmmfMzM t t 0. 2~ 5 

[0001] 
[0002] 

©fit LT{iNi-Cdm?fi**±M"r'S>S. L*»L, CdO^ 

(WT. Ni-Hm?fitE-r) tmitih-dFMMcT) 
wmtmht^ti. mz^mm-^x\^h. Ni-H« 

tm^^x^i-zm^ti. ^■wMm->x^mx' 

[0003] Ni- Hm?fi£0S(««»i, \mMmx'hh 

m^ftfi^tSo mM&\^±ff)rzi^izmmmii:t 

ttfii^ibe>tiX\>'^t:. 

[00 04] §<i>(C, -f-cO^SSflite 

m<. m^<^iS(m&m*)iiitt:if)izim'mT<D 

x'hh. vt-iX. n\-\\mm^m.^iLXfztk, m.BM't 
xw^&mtLxt-h\mth^t{ztj:n . SEMi&tm 

[0005] 



!|tB8¥6-2 286 1 1 

2 

mmm^iitt^Mismtir-^mzt^THmmm-^ 
m^t^<r)m.:fimi:m^thztizh&. mmz 
a. mm^^it^-ti'izyiimM^Mi^<r>mmm 
±^^^ztizx'oz<r>mt:m,-rhztmm(7) 

WBX'Sjh , 
[0006] 

mim^MiMzxy)fm^iv^. >i«5~4o voi%o 

::tizX0WMX'^^ (zc^ljmiAmbi-i) , CO 
/r^^Bi^ffi, 

dtf, 5~4 0 vol %<05K7$-*-ri)*S©lii'^ 

[0007] sij<o:^ ( B^) b Lx. yumm^^ 

mmmmm^zjiiLx o.2~5it*%io»^tt#jR7c 
mimx^-tXTummm^emmim&L. nhixfzm 
Mi:M^xmMLx»mjimmmzii 'om^-r 

hzbizii-yxh. ±ti^m^^m^^mm-t h z 

±mmmmmti^izmzmLx\^h, tti. 

zmmii. mmm&^mcoxoiz. mmmzmtx 
mmtt^^mm,-^m^commijmizi,mm t ^ 

[ 0 0 0 8 ] C C-C, r;Kr J i: «i, -^iJ^^^miZ 
Sib L/C Si^^iSco-giiT'TO^ii;^) 

^iiSt£t<DX'h^. ^mMiZt5\,^Xli. ;KTCD^*$ 

mm-?>. 4^Tinrz^j:ummMzMtmMm^ 

[0009] mm, ^^m(Dyiimmm^^^^Am 
<D/jx7h'7-( xmizx'ommtfz^, i!fxrv?-( 
xm-a^hti^mMmmmm^mf-x'h^cox. m 
mcr)'s^mm<m^Hmx'^rmti^j:\>^wmm% ^ixh 
mmMMmizxmtm.co'^m^iiW^L. umm 
^<^n^bnmm%t^imA,x'mmMbth. ft 
xTY^AX'^x'm.uz^^mMt. i^rm^ut 

[0010] BSCJ: Oai^ttjc^cOSA • H^fc J: 0 

if^r^^-fhi»^mm,^^m&\.-m^\z\i. nm. 
m)xm^\^tM--'m.<rykmm.-kwms%b l-c^ 

[00 113 v%-rh.<0«^t,. ISm*tSStH»*co^ 

hifiTis-Mm:%^h, mm, :L<r>%m^mm.'i\ 



EAST Version: 2.0.3.0 



3 

X'hfl\i. r^T^^mt (1/0.91-1) xlOO =9.89 
[00 121 

^9Lm(r):fmm^^Mi. 5~40 vol%cO 

[0013] m.^<^mm.^m-^x'ii. mmzii 
BflT'ii . ^nm.-^mMz±sm^x'^rmfz^h 

[0014] *fgiaS^M)*(^'-Kr^***i5 vol% 

^mmmimm^'ni^\.z]t'<x3%m^zb 

cr)m±\.zi. m^^(r)mMnziinh7iimm.-^^m 

vol%T'J)l). 

[0015] imm.-^mMm.'mw,m^zm.'&^ 
iis^mm(7>nf>iximkiiL<ii^tnzm.\'^ 
mmmm) x'h^zbf}mtL\'\ m^m-^^ 
m(^m^:mhmizm^$tLi'. m:X<o^^<ntm 
(Tiiimmm-mtifix'^i. 
[0016] L\,^m^-mii. 

rhv^xffiji, n'mmzw^x.xmmLtz'm-^ ^ 

XMi^hm^"^^. :L<m^m.zmfXiixjXi\,ii^t:, 

%Kii7.i^\.xmm%m.m^. j^a • mmzWi 
%mhimx'h'^. #s<o^jr • ^■k'm.<r>^\,zi. 
fmizmi^inx\^h. nxrv-^Axmt. -m^m. 

^'k-kmBmi%^x'wm.-fh^bii'x:%h:L. ^ 

if), Th-^^X^f^^m&ttZtlfZX 0 5-40 vol% 

m.^zm\,zm Ltzmx-h hbmth. 

[00171 HT^TY^A XWiZi. 

[0018] iixm-mb LT. HI (a) tC^t/X 
ylofiS*^ (Confined Type)i:, 111(b) tC^-fi*^ 



(3) #^^6-228611 

4 

T*^ (Free Fall Type) bfl^hh. yXlU'^mt^X' 

a. ^mrij^izit^x . mmbm^jtfxijimix 

xbmm<r)'F^(7)it1^ti(W^X'$)6fzib. ;Kr£O^W* 

^*«osji{wfev^T{i, yX)U&m:ff3!i^mmt&zb 
[ 0 0 1 9 ] T h x^mi. ±m-hyiim\m-^± 

^*<O--Kr-&*^*»'5~40 vol%i:^5J:-3tciSlE-r 

10 I.. fi»i/.»f , fm'myx/ui:muz&mjxf\,:fj 

^(^Th-^^xff)^. Th-7-(x^t^bix, mm 

g : 3~8 mm. :ffxm.US. : 40~120 kgf/cm^ , 

M : 10-80 Ntf /min. ^mA^ : 10-35' . : 

15-40 kg/min -jKtC, ZtLk<D^^y;< 

-i^mm^^iii^, Th'?^xmmm^±t<^j: 

^t$*f 5-40 vol%<0^^*3&«fl^.flS J: 0 fcT h 

^+(100-200 x:) <7)mspiifintu\ ^Siwr 

20 hb.^ifimmb^^XJtiTi!fiT^iZ<<^h. 
[0020] ^XTh'7^Xmi,zX*)^Lfz. 5-40 
vol%. iff^L<«i5-15 vol%cr>:!tiTi:^ti:^Wm 

mm<ommmiiz^(ottmx'tiii(. mx-ma 

mtX. ^(>iz0im<rKk^^j:-^Mi^i:mzbt 
[0021 ] *l6BB<0*Sl!Ri!^^*Od^r{i, 

uzm'M^TX'<r)mm{zx o^^ttTcs^jsn^-a: 

§5ff**Jt«Wi«v>^JS7c^. ftftWtcJiSa-llOO'C-C 

pvsio-5 Torr </)±m7iMtim^x'hi . M^i^mbLx 

{±. Mn. Pb. Zn, Sn, Ga. VigmcOTtMi^mf t>tlh , 

[0022] ztit><rmm:m7cmi:mmmiziitt 

T 0. 2- 5 M*%04ti^DtS . ai^tt^iSTC^Ji 1 

at)L<ii2aja±S:fiifflTt'«.. mm3E^wim<^m 

TT-c7)fSiSiiaf^t5— 40 vol%, #{c;5-15 vol%c7).-K 

a. -^^fig, mm&^j:i;ff)^mzf5txi>$msi-i 

[0023] ^c0^r&tfcft?.*^iSi?-&^SJ*c7)gJ5 

mm. m»ji^»iiz^m-h:m^j:b'X'X\.\ tt:. 
m^^m7mcom\i&i'j'^^j:Mz-ttnf. ^xrv-? 
50 ^xmmmx'tt. :L<^^iz\rr\-'7^x-)mi^ 



3/16/06, EAST Version: 2.0.3.0 



5 

[0024] mmi}mx'yiimm.^m^i'i%rc^. 

Torr . iaS 200~1100°C. MSB^S O.SMO^St' 

[00 2 5] ZCO^h. nt^tif.:^Ti:ti-iyiimm 

I.. tzfzL. m^izmtxt. ^m-ssiM-^^i' 
/uijimts^z':>ixx-^^mcomm^mz'o. tft^^^rt, 

<Xmi,zmtii-r^J:oiz^?>. 

[0026] ■^^mmiznta uzyf-ry^nmm. 

^f\^mi}^(^'^^<r)mmmmmMz^th. 
-u. srt^r«i, mm^^ i'f\^mmzif'ox?t^ 
i-?>-^^(omitizx 'ommiznm-hx o tc^ri./i 

a^, iS<r-0:L^±<r>^i.zit^±^ts:^^^mith 

h. 

[0027] *^BS{i, Ni - \^w».<r)mmf^t Lxm 

fzii.AB2 S<7)*S®)e^^T$>l., AB6 Setoff? 
{i, LaNii i;^di:MiiiNi, (x(i;4.7~5.2) 
L. Nic7)-|[P2rCo. Mn. AU Fe, Cr. Cu. V. Be. Zr, 
Ti. Mo, W^if<7)iat>L<{i2«feUi<^7C^T'aJiL 
^tOt'J)!.. LaNi, Ji:i«fi*ST-*^±, »^ffiT*<# 

^ff)mii. mWhlifi. Ti<7)-gP{iZr, Hfp, Ni<0- 
gPiiCo, Mn, Fe, Al, V, Cr, Mofa^^tlTViT t J; 
V\ AB2 S^^«O^J<i, ZrVy (y{i 1.9-2.25) Srg 
*^jti:U, V<0-mt:H-K Mn, Cr, Co, Fe. Al, Mo, 
W, Cu, Be^rifOl«t,L<Ji2atU:<03Clg-CB«it 
tii^(7)X'$)h. 
[00 28] 

mmfp. %mtzfiiMff)^j:\>^m*)M&%xh 



(4) #ia¥6-22861 1 

6 

[0029] (HSfefi^ 1 )mi iZ^-t-^^ 1 itXSOffl 
mm\>\ TlUzfyjtfXTh'?^ Xm (Ar A/Tffi) fci 
'9^2(w5i^-r^frTT'7KS'»^-^^5fC^SiiL.t. 
13. ^tftOMmJi, La25%. Ce50%, Pr7%. Ndl7%^# 

[0030] f#^>ix;t«-^^*<oo ^Su^ttt 

<J:030/20//m(7)Sj'5|5^ft*^it. C:c7)^*0^«?&j^ 
2r, :5'-yrT>'-9--(cJ:'3a!l^L/t^'77^{il00Oiat 

10 L^. mm^b IX. ntm<o^mmE 

mvmm impm) ^zx*)^Ltz, z(r>m<r>^mi. 

nM-^iJ^UmO m X*S150 0^20.000 rp 

^:v^^M)**>^>3o/20/zmcos^*2:mi^, ±tmmiz 
mmm^if^. mpi^mMzmi^mmm 

[003 1 ] ^'^mimm-Hmm<^mmi: ixm^ 
Ltzm^comimmi . ixmrnx-mmtt:. 30/20/1 

20 mcO^^*5g{=, 10%<0-f7oyi^>'N'^>':5^- (f- 
00X;T 5ton/ai2 cOJdBETT'cO* b TUX ^ 1 ^J-Hff 

[0032] »:v^T, ^iTj^s-ts, ifsmcom^- 

-i^bLXirtE^^X^l^izlR^l. it«1.30<7)*l8 
^b;*? U '^A*}i?S(=*i?-fb'J^'>-^20 s/l^Mlfzyiim 

30 fa. zff)ummmmizMtx5oo mAxm^<7)^ 

mb250sAX'0.&5VtXff)tmbt:<*)mL, ^ffiV^ffi 
[0033] «?fittffi<i, mmM. (ft:*Jt«S***# 

^. ^Tt^mbw&m^msi:mt<m2iz^. 

[0034] 

[^1] 

40 ^^1 : MnNi3.8 Coo. 6 Mno.4 Alo.2 

-0^2 : Lao. 8 Ndo. isZro. osNis. s Coo. 7 AIo.s 
■^^3 : Zr Vo. 4 N i i . 6 

[0035] 

[^2] 



3/16/06, EAST Version: 2.0.3.0 



(5) 



#ia¥6-2286 1 1 



Na 


m 

it 

Na 


1j m 




EE* 
MPa 


'/$ M 
kg/nin 


m 

nm 


AT'> 


voIX 


s * 

mAh/g 


■/smt 




1 


Ar A/T 




50 


20 


20' 


150'C 


8 


258 


3 




2 


Ar A/T 




60 


20 


20' 


150°C 


10 


260 


2 




3 


Ar A/T 




80 


20 


20' 


150°C 


12 


265 


2 




4 


Ar AA 




25 


20 


20° 


ISO'C 


3 


251 


5 


1 


5 


Ar AA 




50 


20 


20' 


1501C 


4 


252 


4 


6 


Ar A/T 


yx* fig 


50 


20 


20' 


50''C 


2 


252 


4 




7 


Ar A/T 


fig 


50 


45 


20° 


150°C 


2 


249 


5 




8 


Ar AA 


fig 


50 


20 


5° 


150'C 


3 


250 


5 




9 


PREP 












0 


250 


6 




10 


Ar A/T 


yxA fig 


120 


10 


35° 


250'C 


42 


240 


3 




1 


Ar A/T 


/xn. fig 


50 


20 


20' 


150°C 


7 


355 


5 




2 


Ar A/T 


yxii- fig 


60 


20 


20' 


I50'C 


9 


360 


4 




3 


Ar A/T 


m fig 


80 


20 


20' 


150'C 


13 


370 


3 




4 


Ar A/T 


fig 


25 


20 


20' 


150°C 


3 


347 


7 


3 


5 


Ar A/T 




50 


20 


20° 


150°C 


3 


349 


6 


6 


Ar A/T 


/XA fig 


50 


20 


20° 


50°C 


2 


347 


6 




7 


Ar A/T 


/XA fig 


50 


45 


20' 


150°C 


2 


346 


7 




8 


Ar A/T 


;XA fig 


50 


20 


5' 


150°C 


3 


346 


6 




9 


PREP 












0 


345 


8 




10 


Ar A/T 


m fig 


120 


10 


35* 


250*10 


45 


335 


4 



1) AT= imm&&-fum&m ©n 



[0036] *^BJfcJ: 0*'xr h^^ Xm-a%htit: 

c 0 0 3 7 ] mmm 2 m 1 tc^-r-^^ 2 fc j:rx3 coa 
x(Ar AA)afcj: *)i^mm^mti^i^L * 



*fz. n^iifz^m*^. ix^^x-mizm-^f^Tx-m 
[0038] wm^^mt. pmrnxanmrnm 

50 HUE x*$150 mi, HHsSeCOOOrpm, r)V:lVi1X 

mmx'h->tz> Ar mmtjX)V&my^x^^^. a 

' , mwm. (AT=^gifflst«oii) 150 r-cj)-? 
fz. '^t>ivtz-^m-^<nif^r'^tmm^^ . mm\ 

[0039] 
[*31 



3/16/06, EAST Version: 2.0.3.0 



(6) 



1^IS¥6-22861 1 



1 0 



Na 


Na 




(%) 


m m m ^ n- 


volX 


inAh/g 




2 


1 


PREP 


Mn 1.0 


lO-'Torr. 800'Cx5h 


6 


279 


4 


2 


PREP 


Pb 2.0 


lO-'Torr. 700iCx5h 


8 


282 


3 


3 


PREP 


Zr 1.0 


lO-'Torr. 500°Cx5h 


7 


279 


4 


4 


PREP 


Sn 1.5 


IQ-'Torr, 1000X;x5h 


7 


278 


3 


5 


PREP 


Ga 2.0 


lO-'Torr, 800'Cx5h 


7 


280 


3 


6 


PREP 


Mg 1.2 


lO-'Torr. 600X3 x5h 


7 


279 


3 


7 


PREP 


Hg 0.1 




2 


271 


5 


8 


Ar A/T 


Pb 0.5 


lO-'Torr, 700*0 X5h 


14 


292 


2 


9 


Ar A/T 






9 


284 


3 


10 


PREP 






0 


270 


5 


3 


1 


PREP 


Mn 1.0 


IQ-^Torr. 800°Cx5h 


7 


356 


5 


2 


PREP 


Pb 2.0 


10-*Torr, 700*CX5h 


8 


361 




3 


PREP 


Zr 1.0 


lO-'Torr. 500°Cx5h 


7 


358 




4 


PREP 


Snl.5 


10-»Torr. 1000*0 x5h 


8 


360 


^ 


5 


PREP 


Ga 2.0 


10-*Torr. gOC^lxSh 


8 


362 




6 


PREP 


Mg 1.2 


lO-'Torr. eOCCxSh 


8 


360 


4 


7 


PREP 


Mg 0.1 




1 


345 




8 


Ar A/T 


Pb 0.5 


10-*Torr, 700'Cx5h 


15 


378 


3 


9 


Ar A/T 






10 


360 


5 


10 


PREP 






0 


345 


8 



c 0 0 4 0 ] »%tt7cfg«^SD • mm^izx t . 
^m*^ 5 -40 vol %<r>-i^%m<r)A^mM^Mm i # 

mmz. «f&tt7n^£tt-ar-f{cPREP^-Cl#7t«Jm 

fit vStt'fb-y-'f ^';HR<o^^-f tit § ^>ta»$*ut«ftt 
[0041] * 



[01] la 1(a) t5j:V(b) ti. -?-nm;yxrhv.'f 



2/16/06, EAST Version: 2.0.3.0 



(7) 



#ll¥6-22861 1 





(b) 



miEfimm^] mm 
miEnms^] 0030 

[0030] #^>ilf^#^^*<03 ^SUta-ftfc: 
j:'9 3 0/2 0MmcoS^5|?$-m*^;^>:. Zcrm^ff)^m 

*^lMllgmigft (PREPffi) iCctOSiiL^o. 
(O^mi. mfiS^S*^fl5 OmmX:R$ 1 5 0mm, 
IlieSt2 0, 00 0 rpm, r/Pd'y;<r;?.#H^TS>o 

1 : HinNis. 8 Co«. 



^#^.i^/v:-■^^r$rSf7t^v^^^^**-^>3 0/2 Ox/ 

mmmm>. ±tmmiz%mmim'&uz. pr 

XffiTl#!t-&M;J*<0;Kr#*^ (vo 1%) ^miff) 
[#g^«iE2] 

[|lim^«B=feJ 0 0 34 

[0034] 
[«1] 



Mn 



I. 4 



Al 



0. I 



2 : Lao. s Ndo. i>Zro. osNi«. t Coo. r Ale. s 
^^3 : Zr Vo. < Ni.. « 



[#^ffliE3] 

C«ffi^tfl«@=fe] 00 3 5 



[liiEl^W] 
[0035] 
[$2] 



3/16/06, EAST Version: 2.0.3.0 



(8) 



#ffl¥6-22861 1 



Na 


Na 


;5 ffi 


15 St 


a 7.^3 

k«f/cin* 


kg/nin 


mm 

n& 


& ^ 
AT" 


4iT 
vo\% 


«i m 

mAh/g 




1 


1 


Ar A/T 




50 


20 


20° 


150°C 


8 


258 


3 


2 


Ar A/T 




60 


20 


20° 


ISffC 


10 


260 


2 


3 


Ar A/T 




80 


20 


20° 


150X: 


12 


265 


2 


4 


Ar A/T 




25 


20 


20° 


150X: 


3 


251 


5 


5 


Ar A/T 




50 


20 


20° 




4 


252 


4 


6 


Ar A/T 




50 


20 


20° 


50'C 


2 


252 


4 


7 


Ar A/T 




50 


45 


20° 


150*C 


2 


249 


5 


8 


Ar A/T 




50 


20 


5' 


150X; 


3 


250 


5 


9 


PREP 












0 


250 


6 


10 


Ar A/T 




120 


10 


35° 


250°C 


42 


240 


3 


3 


1 


Ar A/T 




50 


20 


20° 


150'C 


7 


355 


5 


2 


Ar A/T 




60 


20 


20° 


150°C 


9 


360 


4 


3 


Ar A/T 




80 


20 


20° 


150°C 


13 


370 


3 


4 


Ar A/T 




25 


20 


20° 


150°C 


3 


347 


7 


5 


Ar A/T 




50 


20 


20° 


150°C 


3 


349 


6 


6 


Ar A/T 


;XA &m 


50 


20 


20° 


50°C 


2 


347 


6 


7 


Ar A/T 




50 


45 


20° 


150'x: 


2 


346 


7 


8 


Ar A/T 




50 


20 


5° 


150°C 


3 


346 


6 


9 


PREP 












0 


345 


8 


10 


Ar A/T 




120 


10 


35° 


250*C 


45 


335 


4 



1) AT= {i&Wi&&-is^m&m (Dm 



3/16/06, EAST Version: 2.0.3.0 



